We measured the DNA strand-breaking activity of nanoparticle by agarose gel electrophoresis. Plasmid DNA was mixed with nanosilver and nano-silica powders in an aqueous solution. Then the mixture was applied to 1% of agarose gel electrophoresis at 75 V for 30 min. We used 300 nm of UV irradiation in order to visualize the DNA bands. The DNA strand-breaking activity of nanomaterial was measured through measuring the reduction of super-coiled DNA to circular form of DNA.
Background
Nanotechnology has been growing rapidly in the industry during the last decade. Because of the different physiochemical properties of nanomaterials, they provide novel scientific and industrial applications compared with their bulk substances [1] . In the field of medicine and biology, nanomaterials are showing a bright future with a diversity of applications including drug delivery [2] , cancer targeting and tumor reduction [3] , fluorescent biological labels [4] , biodetection of pathogens [5] , detection of proteins [6] , probing of DNA structure [7] , tissue engineering [8] , intracellular hyperthermia [9] and separation, and purification of biological molecules and cells [10] . Nevertheless, information on the toxicity and potential dangers of nanomaterial is far from sufficient [11, 12] .
Despite the many uses of nanotechnology in biology, they can be very harmful. The specific characteristics of nano-particles, i.e., their high surface area to mass ratio and their small size, have made them ideal candidates for many uses [13] . These characteristics, however, can be dangerous to our biological health. Because of their small size, nanoparticles can penetrate into cells and due to their high surface area to mass ratio, they are highly reactive. Hence, they can cause ample changes inside the cells, from reacting with proteins to attaching to DNA. For example, silver nano-particles have been shown toxic on mammalian cells [14] . The increasing exposure possibility of human to nano-particles [15] makes it very important to be aware of potential dangers.
There have been several papers on the toxicity of nano-particles on human and mammalian cells [16] [17] [18] . However, there are not many studies investigating the physical influence of nano-particles on DNA. There are also fewer papers studying the actual physical effect of nano-materials on DNA, regardless of their biological effects. This is especially important because these physical outcomes of DNA-nano-particle contact may well affect the result of a range of other studies from using DNA as a polymer to biological studies.
In this study we aim to compare the strand-breaking effect of two nano-particles, i.e., silver nano-particles and silica nanoparticles. Silver nano-particles are used for their antibacterial properties, hence are in close contact with the human body. Also, silica nano-particles are bioactive material with applications in drug delivery [19] . It is not only important to know the effect of each nano-particle on DNA, but also to compare their effect sizes. To our knowledge, no similar study has been conducted on these nanomaterials. The aim of this study is to show how much difference can be expected, and further experiments using more variety of nano-particles are required in order to draw a full picture of their effects on DNA.
gel electrophoresis of the effect of silver nano-particles on DNA. As we see, in Figure 1 , plasmid DNA treated with silver nanoplates has been deformed from supercoiled to open circular DNA. This shows that the nanoparticles have broken the DNA. However, compared with silica nano-particles, silver nano-plates show less strand-breaking activity. We can see this effect in Figure 2 , where more DNA has been broken to open circular form. Also in Figure 2 , we can see that more dense forms of plasmid have been broken to open forms, thus several bands are not present in the solutions of plasmid and nano-particles.
Conclusions
We have shown that silver and silica nano-particles have severe strand-breaking effects on DNA. This study only focused on the chemical effect of nano-particles on DNA and did not include biological effect. Therefore, it is possible to observe the effects with different level of intensities when cells are exposed to nanoparticles. However, this study suggests that nanomaterial can cause dangerous biological changes when in close contact with the body.
We also compared the effect size of silver and silica nanoparticles. It is concluded that silica causes bigger effect size and is more capable of breaking DNA strands. Since both of these nano-materials are gaining more applications in medicine, they should be used with enough care.
As we see in this study, nano-materials can act differently from their bigger size counterparts. This is because of extremely big surface area to mass ratio that makes them very reactive. Therefore, we expect to observe similar effects from other nano-materials. Hence, more studies comparing the influence of several different nano-materials on DNA are required.
Methods
Plasmid DNA was extracted from Escherichia coli using alkaline lysis (following the protocol by Sambrook and Russell [20] ). We identified the purity of plasmid by OD 260 /OD 280 ratio which was 1.81.
We used silver nanoplates [21] and silica nanoparticles for this study. We used silver nanoplates because in a study shown by Sadeghi et al. [22] , silver nanoplates are more biologically active than silver nanoparticles and silver nanorods [23, 24] . Thus, they can possibly show better effect values of DNA strand-breaking activity. We used the nanoplates synthesized by our group [21] . Silica nanoparticles (SiO 2 ) were purchased from Sigma-Aldrich (10 to 20 nm, 99.5%; Sigma-Aldrich Corporation, St. Louis, MO, USA).
We measured the DNA strand-breaking activity of the nano-particle by agarose gel electrophoresis. Plasmid DNA was mixed with nanosilver and nanosilica powders in an aqueous solution. Then they were applied to 1% of agarose gel electrophoresis at 75 V for 30 min. After that, we added ethidium bromide to tris-borate-EDTA gel buffer. We used 300 nm of UV irradiation in order to visualize the DNA bands. The DNA strand-breaking activity of the nanomaterial was measured by measuring the reduction of super-coiled DNA to circular form of DNA.
